Aspergilus alliaceus UI 315 was examined for its ability to metabolize 3-methoxy-17Ip-estradiol. Preparativescale incubations with this substrate afforded good yields of 6f3-hydroxy-17(3-estradiol, 4-hydroxy-17p-estradiol, and 4,6p-dihydroxy-17p-estradiol, which were identified by high-pressure liquid chromatography, 'H and 13C nuclear magnetic resonance, and high-resolution mass spectrometry.
Microbial transformations have been utilized in the production of nearly every class of steroid hormone (3, 11, 15) . Features of microbial transformation reactions which render them useful for the synthesis of hormone products include the high regio-and stereochemical specificities displayed under mild reaction conditions and the ability to introduce molecular oxygen into nonactivated carbon positions around the steroid ring. The catechol estrogens (2-and 4-hydroxy- 17p-estradiol and estrone), a major group of natural estrogenic compounds formed by aromatic hydroxylation in mammalian tissues, have been implicated in a wide variety of biological actions (1, 6, 7, 9, 13, 14) . We were interested in examining the potential for microorganisms to synthesize these hormones from suitable, more attainable precursor steroids.
We previously described the production of 2-and 4-hydroxy-17,-estradiol by aromatic hydroxylation of 17p-estradiol with the fungus Aspergillus alliaceus UI 315 (17) . In the present study, microbial transformations of 3-methoxy-17p-estradiol (compound 1, Fig. 1 (17) . The carbon NMR spectrum confirmed the absence of the 3-methyl ether carbon; this fits the proposed structure of 4,6p-dihydroxy-17,-estradiol (compound 5) (16) . The location of the new carbinol carbon is inferred by the effects of the oxygen atom on adjacent and nearby carbon atoms. Carbon atom signals of the C and D rings of the steroid metabolite are unchanged versus compound 1, ruling out the presence of a new oxygen atom within these rings. Since the oxygenated carbon was a methine doublet, it could only occur at position 6 or 7. A gamma-gauche effect was observed in carbons 4, 5, and 8, and not on carbon 9 (Table 1) , indicating the presence of a 6,-hydroxyl group. Finally, extremely small differences in observed versus calculated chemical shifts (16) 4-hydroxylation predominated (17) . The pathway of metabolism of 3-methoxy-17p-estradiol (compound 1) is different in that 63-hydroxylation appears to be the dominant metabolic reaction (Fig. 1) . The observed difference in metabolite profiles between these two substrates with the same biocatalyst strongly suggests that the methyl ether is a required structural feature for the 6,-hydroxylation reaction to occur. 0 Dealkylation of 3-methoxy-6p-hydroxy-17P-estradiol would yield a phenolic substrate subject to 4-hydroxylation. This study clearly demonstrates the ability of A. alliaceus to catalyze aliphatic and aromatic hydroxylations and 0 dealkylation of compound 1.
